ABSTRACT: A study on the seismic behaviour of coupled wall-frame structures founded on piles is presented. Three different foundation soils are considered and the seismic excitation at the outcropping bedrock is represented using 7 real accelerograms. Local site response analyses are performed to evaluate the incoming free-field motions. A numerical model, accounting for pile-soil-pile interaction and for material and radiation damping, is used to evaluate the impedance matrix and the foundation input motion. Dynamic analyses are then performed in the time domain by considering fixed (FBMs) and compliance-base models (SSIMs). Applications show that the effects associated to the rocking behaviour of the wall sensibly affect the dynamic response of the system increasing the structural displacements and producing a change in the distribution of the seismic demand within the wall and the frame.
WALL-FRAME SYSTEMS SOIL-STRUCTURE INTERACTION PROBLEM
Conventional design practice generally does not account for the flexibility of the soil-foundation system and the input motion is defined at the outcropping soil according to suitable design spectra. A reliable analysis should account for the input motion of the structure filtered by the embedded foundation and for the foundation deformability that reduces the overall stiffness of the structure and increases the damping due to the energy radiation into the soil. For coupled wall-frame structures, pile foundations are commonly considered to be sufficiently rigid to guarantee a suitable degree of restraint against rocking motions. Consequently FBMs are usually used in the design as they are considered to be conservative with respect to the seismic actions. Actually, the rocking of the wall may affect the behaviour of the structure by changing the distribution of the ductility demand within the wall and the frame and by increasing the overall structural displacements.
In this paper the effects of soil-structure interaction in the seismic response of a 6-storey 4-bays wall-frame system on pile foundations (Figure 1 ) is investigated. The kinematic interaction analysis and the inertial interaction analysis are separately performed by means of the substructure method (Wolf 1988) . The structure was designed considering fixed base restraints according to the damage limitation requirements.
The soil profile consists of a deformable homogeneous soil layer of thickness 30 m overlying a bedrock. Three kinds of soils are considered for the deformable layer (Table 1) . Floating pile foundations were designed to support vertical loads. The diameter of piles is 0.8 m and the length is 14 m for profile A, 16 m for profile B and 22 m for profile C. Two structural models are considered for the superstructure: one fully restrained at the base (FBM) while the other supported by deformable restraints (SSIM).
Soil-foundation-structure interaction analysis
The incoming seismic action at the outcropping bedrock is represented using 7 real accelerograms. In order to evaluate the free-field motions local 1D site response analyses were performed for each soil profile. The time histories resulting from the analyses were used as input, at different depths, for the kinematic interaction analysis, whereas the motions obtained at the ground surface were used as input for the FBMs.
The numerical procedure proposed by the authors ) was used for the SSIMs to compute the foundation input motions and the frequency-dependent impedances of the soilfoundation systems. Suitable Lumped Parameter Models (LPMs) were used to catch the frequency dependent behaviour of the soil-foundation impedances in the time domain performing inertial interaction analysis.
MAIN RESULTS
The response quantities of interest are the foundations rocking and the seismic base shear demand on the wall and the frame. In Figure 2a the rocking of the wall foundation and of the column foundation nearest to the wall are presented. Dots are representative of all the analyses results while the relevant mean values are plotted with curves. The rocking of the wall foundation, directly related to the vertical dynamic impedance of the soil-pile system, increases as the dynamic properties of the foundation soil decrease. The maximum mean value of 2.24 mrad is obtained for soil profile C. Rocking of the column foundation follows an opposite trend diminishing as the soil properties decrease, but it is of secondary importance, particularly for soil profiles B and C. The rocking of the column foundation is about 36% of the rocking of the wall for soil profile A, 16% for soil profile B and 3% for soil profile C. Figure 2c shows the time histories of the rocking motion of the wall foundation for each soil profile obtained from one of the accelerograms used in the analyses. Figure 2b shows the percentage distribution of the seismic base shear between the wall and the frame, comparing results obtained from the FBMs and the SSIMs; again dots are used to represent the analyses results while curves are used to join the relevant mean values. When the model is fully restrained at the base the wall absorbs about 85% of the maximum seismic base shear; the inclusion of the soil-foundation flexibility in the analysis produces a migration of the shear stresses from the wall to the frame. In the case of soil profile C the wall base shear reduces to the 65% of the total shear and thus results in an increasing frame base shear.
The following conclusions may be drawn:
-the rocking of the wall foundation induces additional displacements to which structural (material strains) and non structural (drifts) damages are directly related. Consequently, a reliable analysis on the seismic performance of coupled wall-frame systems should include the effects of soil-structure interaction; -even if the deformability of the soil-foundation system reduces the total seismic base shear, ignoring soil-structure-interaction effects does not lead to a conservative design approach since the redistribution of the seismic shear demand among the structural elements, associated to soil-structureinteraction mechanisms, may lead to strongly underestimate the design base shear in the frame.
